Production of knockout mice by gene targeting in multipotent germline stem cells.
Spermatogonial stem cells can convert into embryonic stem (ES) cell-like multipotent germline stem (mGS) cells in vitro and produce germline chimeras by blastocyst microinjection. Although homologous recombination was previously demonstrated in mGS cells, spermatogenesis was not found in chimeras, suggesting that they are not competent for germline modification. Here we conducted detailed analysis of chimeric animals to determine whether mGS cells retain germline potential after genetic manipulation. Spermatozoa that were deficient in the occludin gene could be recovered from animals that were chimeric with mGS cells that underwent homologous recombination. The phenotypes of the occludin knockout (KO) mice were similar to those reported for KO mice produced using ES cells, and the animals showed growth retardation, gastritis and male infertility. Furthermore, we found that heterozygous mGS cells acquire two copies of the G418-resistant genes and become homozygous for the targeted allele by culturing at high concentrations of G418. Cytogenetic analysis showed that the aneuploid mGS cells observed during genetic manipulation were trisomic for chromosome 8 or 11, which is a common chromosomal abnormality in ES cells. Thus, mGS cells can be used to produce KO animals, and this novel method of germline manipulation may prove useful in diverse mammalian species.